Chemical context
Tri-tert-butylphosphane PtBu 3 is a bulky, weak Lewis base. It has found considerable utility as a ligand for Pd-catalysed cross couplings (Fu, 2008) . More recently, its reactivity with bulky Lewis acids to form the so-called 'frustrated Lewis pairs' has opened up new avenues of chemical reactivity (Stephan & Erker, 2015) . Lewis acidic complexes containing zinc have been used as ring-opening polymerization catalysts (Wu et al., 2006) . The reactivity of PtBu 3 with weak transition metal Lewis acids has been less well explored. The reaction of PtBu 3 with ZnCl 2 has been reported (Goel & Ogini, 1977) , but without structural characterization. Therein, [(PtBu 3 )(ZnCl 2 )] (1) was proposed to exist as the di--chlorido-bridged dimer based on molecular weight measurements. We describe the structure of two complexes of [(PtBu 3 )(ZnCl 2 )]: the aforementioned -bridged dimer (1), and the monomeric THF complex (2). The complex is sensitive to ambient moisture, and hydrolyses to form the hydrolysis product [ À was reported from the preparation of PtBu 3 and ZnI 2 in benzene under ambient conditions (Goel & Ogini, 1977) , but no structural data were reported.
Structural commentary
Compound (1) is a neutral -bridged dimer with one PtBu 3 per zinc atom. The asymmetric unit is one half of (1) with the ISSN 2056-9890 other half related by inversion symmetry (Fig. 1) . The coordination sphere of the Zn is filled with two Cl atoms, one of which, Cl1, is -bound to both Zn atoms of (1) [Zn1-Cl1 = 2.3703 (13) Compound (2) is a neutral tetrahedral Zn complex with two Cl ligands, one PtBu 3 ligand, and one THF ligand (Fig. 2) . The Zn-P bond length [Zn1-P1 = 2.4167 (9) Å ] is in line with other Zn-trialkylphosphane complexes. The Zn-Cl bond lengths are very similar [Zn1-Cl1 = 2.2370 (13), Zn1-Cl2 = 2.2301 (13) Å ]. The Zn environment is slightly distorted tetrahedral due to the steric influence of the PtBu 3 ligand ( 4 = 0.94) (Yang et al., 2007) .
The asymmetric unit of compound (3) À ion pairs, along with three 1,2-dichloroethane molecules not related by symmetry (Z 0 = 3). The three groups are similar in structure, connectivity, and supramolecular interactions; despite this, no additional crystallographic symmetry or twinning was found using PLATON (Spek, 2009) The molecular structure of (1), showing 50% probability ellipsoids for non-H atoms and spheres of arbitrary size for H atoms. The unlabeled atoms are related by the symmetry operator (Àx, 1 À y, 1 À z).
Figure 2
The molecular structure of (2), showing 50% probability ellipsoids for non-H atoms and spheres of arbitrary size for H atoms.
Figure 3
The molecular structure of (3), showing one of the three molecules of the asymmetric unit (Z 0 = 3) showing 50% probability ellipsoids for non-H atoms and spheres of arbitrary size for H atoms. (Yang et al., 2007) . The phosphonium hydrogen atoms were found in a difference map and restrained to be similar to each other; the average P-H bond length is 1.31 (3) Å . The 1,2-dichloroethane solvent has significantly larger displacement parameters than the other two moieties, indicating disorder. Thus, each solvent molecule was modeled over two discrete positions (see Refinement section).
Supramolecular features
Supramolecular features of (1) form from weak C1-H3CÁ Á ÁCl1 i interactions (Fig. 4 and Table 1 ), which creates layers in the ab plane that stack along the c axis.
The supramolecular features of (2) are also based on weak interactions. There are weak C15-H15AÁ Á ÁCl1
ii interactions as well as weak C12-H12AÁ Á ÁCl2 1 interactions (Fig. 5 and  Table 2 ). Together the weak interactions, where each Cl atom is an acceptor, create a three-dimensional packing structure.
The hydrogen atoms of the water ligands in (3) undergo hydrogen-bonding interactions with nearby chloride ligands of the [(H 2 O)ZnCl 3 ] À anion, forming chains that propagate along the b-axis direction ( Fig. 6 and Table 3 ). The chains in each layer are staggered by half a unit cell along the b axis. The weak HÁ Á ÁCl interaction in (1) with short contact shown in cyan. The second molecule (left) is related to the first by the symmetry operation ( Table 1 Hydrogen-bond geometry (Å , ) for (1). Table 2 Hydrogen-bond geometry (Å , ) for (2). Table 3 Hydrogen-bond geometry (Å , ) for (3). 
Figure 5
The weak HÁ Á ÁCl interactions in (2) with short contacts shown in cyan. The left molecule is related to the middle one by the symmetry operation (2 À x, Ày, 1 2 + z), and the right molecule is related to the middle one by the symmetry operation ( ion is optimized for steric interactions; that is, the P-H hydrogen atom is oriented toward the center of the Zn tetrahedron surrounded by three Cl atoms, suggesting a nucleophilic-type protonation of the phosphane, with the water ligand pointing away from the P-H bond. Each tertbutyl group is staggered slightly relative to the positions of the Cl atoms. In this arrangement, there are no hydrogen-bonding interactions involving the phosphonium hydrogen. This arrangement also optimizes the ion contact between the phosphonium cations and [(H 2 O)ZnCl 3 ]
À anions. The disorder of the solvent molecules suggests no or at best weak interactions between the solvent and hosts; indeed, none can be found.
Database survey
Zinc chloride-bulky phosphane compounds tend to form ZnCl 2 -monophosphane complexes. Two closely related compounds include a ZnCl 2 -phosphane dimer (LUZVEI; Liang et al., 2010) , and a ZnCl 2 -bulky NHC dimer (XONKUI; Fliedel et al., 2014) . In both cases, the molecular geometries are very similar to that of (1). A search of the Cambridge Structural Database (CSD; Groom & Allen, 2014) returned 110 dimeric complexes with the general formula [TM(PR 3 Cl(-Cl)] 2 (TM = transition metal). Most of these entries are complexes of group 10 metals (Ni, Pd, Pt), but, due to their different electron configuration to Zn, these tend to be mostly planar complexes. As expected, another Group 11 transition metal, Hg, forms similar complexes as Zn; there are 14 entries in the CSD with the formula [Hg(PR 3 Cl(-Cl)] 2 . Notably similar complexes to (1) include [Hg(P(cyclohexyl) 3 Cl(-Cl)] 2 (BULSOQ; Bell et al., 1983) and [Hg(P(2,5-(OMe) 2 Ph) 3 Cl(-Cl)] 2 (WONKEP; Bell et al., 2000) . Interestingly, there are no similar entries in the CSD that contain Cd.
There are three compounds in the CSD with the general formula [(thf)TMCl 2 ]. There is a compound closely related to (2), [ZnCl 2 (THF)(P(SnMe 3 ) 3 )] (ASEBUV; Fuhr & Fenske, 2004) . Like (2), it forms from the reaction of ZnCl 2 with P(SnMe 3 ) 3 in THF. The other two compounds are complexes of Pd (FIRDAN, Cohen et al., 2014; UHUDAC, Kim & Verkade, 2003 À ions also form chains similar to (3) arising from hydrogen-bonding interactions between the two H atoms of the water ligand with two of the three Cl atoms of the ion. Likewise, the lengthening of the Zn-Cl bond as a result of hydrogen bonding as seen in (3) 
Synthesis and crystallization
The synthesis of (1) has been reported (Goel & Ogini, 1977) ; the methods reported here are modified from the original report. Crystals of (1) were grown from slow diffusion of pentane into an equimolar solution of ZnCl 2 and PtBu 3 in (CH 2 Cl) 2 at 243 K under an atmosphere of Ar gas. Crystals of (2) were grown from slow diffusion of pentane into an equimolar solution of ZnCl 2 and PtBu 3 in THF at 243 K under an atmosphere of Ar gas. Crystals of (3) were grown from slow diffusion of pentane into an equimolar solution of ZnCl 2 and PtBu 3 in 1,2-dichloroethane (1,2-DCE) at room temperature under ambient conditions.
Refinement
Compound (1): A structural model consisting of one-half of (1) was developed. Methyl H atom positions, R-CH 3 , were optimized by rotation about R--C bonds with idealized C-H, R-H and HÁ Á ÁH distances. For all H atoms, U iso (H) = 1.5U eq (carrier).
Compound (2): A structural model consisting of the host molecule was developed. The coordinating Cl atoms had elongated anisotropic displacement parameters in one direction; however, splitting the Cl positions did not significantly improve the model so it was removed from the final model. Methyl H atom positions, R-CH 3 , were optimized by rotation about R-C bonds with idealized C-H, R-H and HÁ Á ÁH distances. Remaining H atoms were included as riding idealized contributors. U iso (H) = 1.5U eq (C) for methyl atoms and 1.2U eq (carrier) for remaining H atoms. On the basis of 1704 unmerged Friedel opposites, the minor component occupancy of the inversion twin was 0.206 (13) (Flack & Bernardinelli, 2000) .
Compound (3): A structural model consisting of three ion pairs and three 1,2-DCE solvent molecules per asymmetric unit was developed. Methyl H atom positions, R--CH 3 , were optimized by rotation about R-C bonds with idealized C-H, R-H and HÁ Á ÁH distances. Water H atoms and phosphonium H atoms were identified in a difference Fourier map and refined. Water atom H atoms were restrained (s.u. 0.02) to a bond length of 0.84 Å . Phosphonium H atoms were restrained to be similar (s.u. 0.01). Remaining H atoms were included as riding idealized contributors. U iso (H) = 1.5U eq (C) for methyl atoms and 1.2U eq (carrier) for remaining H atoms. The 1,2-DCE molecules had significantly larger displacement parameters; thus, these moieties were modeled as disordered over two discrete positions. Enhanced rigid-bond restraints (s.u. 0.004) (Thorn et al., 2012) were imposed on displacement parameters for all disordered sites and similar displacement amplitudes (s.u. 0.01) were imposed on disordered sites overlapping by less than the sum of van der Waals radii. In addition, the C-Cl bonds in the 1,2-DCE molecules and the C-C bonds were restrained to be similar (s.u. 0.01). The major:minor occupancy factor ratios for the three 1,2-DCE molecules are 0.52 (3):0.48 (3), 0.119 (7):0.881 (7), and 0.38 (3):0.62 (3). Crystal data, data collection and structure refinement details are summarized in Table 4 . (Bruker, 2004) , CrystalClear (Rigaku, 2010) , SAINT and XPREP (Bruker, 2005) , SADABS (Bruker, 2008) and TWINABS (Bruker, 2008) , SHELXS97 (Sheldrick, 2008) , SHELXL2014 (Sheldrick, 2015) and OLEX2 (Bourhis et al., 2015) .
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Computing details
Data collection: APEX2 (Bruker, 2004) for (1), (2); CrystalClear (Rigaku, 2010) for (3). Cell refinement: SAINT (Bruker, 2005) for (1), (2); CrystalClear (Rigaku, 2010) for (3). Data reduction: SAINT (Bruker, 2005) for (1); SAINT (Bruker, 2005) , XPREP (Bruker, 2005) , SADABS (Bruker, 2008) and TWINABS (Bruker, 2008) for (2); CrystalClear (Rigaku, 2010) for (3). For all compounds, program(s) used to solve structure: SHELXS97 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015) ; molecular graphics: OLEX2 (Bourhis et al., 2015) ; software used to prepare material for publication: OLEX2 (Bourhis et al., 2015) .
(
1) Di-µ-chlorido-bis[chloridobis(tri-tert-butylphosphane)zinc]
Crystal data 
Special details
Zn1-P1-C1-C2 43.7 (4) C1-P1-C9-C12 167.1 (3) Zn1-P1-C1-C3 166.1 (4) C5-P1-C1-C2 −76.6 (4) Zn1-P1-C1-C4 −71.7 (4) C5-P1-C1-C3 45.8 (5) Zn1-P1-C5-C6 159.6 (3) C5-P1-C1-C4
Experimental. One distinct cell was identified using APEX2 (Bruker, 2004) . Six frame series were integrated and filtered for statistical outliers using SAINT (Bruker, 2005) then corrected for absorption by integration using SHELXTL/XPREP V2005/2 (Bruker, 2005) before using SAINT/SADABS (Bruker, 2005) 
